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Abstract : We have designed and fabricated a Time-of-flight (TOF) spectrometer and a 4S*-Parallel Plate Electrostatic Analyzer 
(PPEA) for their use in investigating the multiple ionization processes involved in collisions o f keV-electrons with gaseous atomic/ 
molecular targets. Details o f design and characteristics o f these instruments are repotted and discussed. The methods of optimization of the 
TOF and that o f the PPEA are described in detail. The typical test results obtained by using these instruments are found to yield a 
satisfactory performance.
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I. introduction
A tim e-of-flight (T O F ) a n d  a  45® -Parallel P la te  E lec tro s ta tic  
A nalyzer (P P E A )  a r e  im p o r ta n t  to o l s  fo r  m e a s u r in g  
different c h a rg e  s ta te s  a n d  e n e rg ie s  o f  ions p ro d u c e d  in 
energetic e le c tro n /io n -a to m  co llis io n s . T h ese  sp ec tro m e te rs  
are to b e  u s e d  f o r  th e  s y s te m a t ic  s tu d ie s  o f  e n e rg y  
distributions o f  e je c te d  e le c tro n s  a n d  th a t o f  d if fe re n t ch a rg e  
state f ra c tio n s  o f  th e  ta r g e t  io n s  p ro d u c e d  in  a to m ic  
collisions. A  b r ie f  d e sc r ip tio n  o f  th e  d e s ig n  an d  th e  w o rk in g  
principles o f  th e se  sp e c tro m e te rs  a re  g iv en  in  th e  fo llo w in g  
Sections.
2- TOF spectrometer
Principle :
Interaction o f  a  fa s t m o v in g  e le c tro n  w ith  a  n e u tra l g a seo u s  
atom resu lts in e je c tio n  o f  la rg e  n u m b e r  o f  e le c tro n s  from  
the target. V a rio u s  c h a rg e  s ta te s  o f  th e  io n iz e d  ta rg e t a to m s 
(multiply c h a rg e d  io n s ) c a n  b e  sep a ra ted  o n  th e  basis  o f  
their tim e -o f-f lig h t o v e r  a  c e rta in  p a th  len g th , b eca u se  th e  
tim e-of-flight ‘7”  o f  flic io n s  o f  m a ss  ‘m ' a n d  ch a rg e  ‘g ' is 
Proportional to  ttie  sq u a re  ro o t o f  m iq .  T h u s , w h e n  th e  ions 
mach the  T O F  d e te c to r , th e y  a re  se p a ra te d  in to  b u n ch es
a n d  each  b u n ch  co rre sp o n d s  to  a  c e rta in  v a lu e  o f  m /q ,  o r  
to  a  sp ec ific  ch a rg e  s ta te  o f  th e  ta rg e t ions .
I f  ions o f  c h a rg e  s ta te  q  an d  m ass  m  a re  c re a te d  a t re s t 
w ith  reco il en e rg y  E k (E e  =  0 ) in  an  e lec tric  f ie ld  o f  s tren g th  
E, acce le ra te  o v e r a  d is tan ce  d\ a n d  su b seq u en tly  d r if t  free ly  
an  ad d itio n a l d is tan ce  d i  to  th e  d e tec to r, th e  flig h t-tim e  to  
the  d e te c to r is g iv en  b y  [ 1],
T ( p s e c )  = 0 .7 2 .^ { m /e q d i) { 2 d i  + d 2 ) ( 1)
w h ere , ‘m  ’ is ex p ressed  in  a .m .u ., ‘e ’ in  v o lt /c m  a n d  d is tan ce  
in cm . It can  b e  read ily  show n  th a t tim e -fo c u ss in g  c an  b e  
ach ie v ed  i f  d 2 =  d] (see  R ef. 2 ). A  m a jo r  a d v a n ta g e  o f  d ie  
T O F  sp ec tro m e te r is th a t, b y  v ir tu e  o f  its s im p lic ity , th e  
e ffic ien cy  and  th e  so lid  an g le  a re  q u ite  in d ep en d e n t o f  ch a rg e  
o r  m ass  o f  th e  ions.
2.1. G en era l co n s id e ra tio n s  :
T h e  t im e - o f - f l ig h t  s p e c t ro m e te r  in  its  s im p le s t  fo rm , 
co n sis ts  o f  an  ion  so u rce  a n d  an  io n -c o lle c to r  f ix e d  a t  tw o  
o p p o site  en d s  o f  an  e v acu a ted  tu b e . T h e  io n s  fo rm e d  in  
th e  io n  so u rc e , fo r  e x a m p le , in  e le c tro n -a to m /m o le c u le  
c o llis io n s  a re  ex trac ted  o u t a n d  a re  m a d e  to  m o v e  to w a rd s
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the co lle c to r under a constant o r a pulsed e lectric fie ld . In  
e ithe r case, the ve lo c ity  o f the ions in  the free flig h t path 
is found to  be p roportiona l to  q lm \ where, 9  is the charge 
state and m is the mass o f ions respective ly. Hence on 
reach ing  the c o lle c to r, the ions separate in to  bunches 
conesponding to  th e ir q!m  values. This cond ition  suggests 
th a t tim e -o f- f lig h t (T O F ) o f  the ions are p ro p o rtio n a l 
to  ^m /q  .
2.2. Theoretical considerations :
F o llo w in g  the treatm ent g iven in  R e f [2 ], it  is noted that i f  
a ll the ions are form ed para lle l to  the source electrodes, that 
is , a long the axis o f TO F spectrom eter and have zero in itia l 
ve lo c ity  o f the ion , then the flig h t-tim e s  fo r a ll the ions 
having  the same m !q  w ill be the same. For such a case, the 
reso lu tion  is  lim ite d  so le ly by the reso lu tion o f the ion­
detecting device. B u t th is  is no t always the case. G enerally, 
there is a ‘ tim e-spread’ caused by the in itia l spatia l and 
k in e tic  energy o r ve lo c ity  d istribu tions o f  ions. Thus, it  can 
be said tha t the tim e  reso lu tion o f  a TO F spectrom eter 
depends on these parameters w h ich should be reduced to 
th e ir low er values fo r obta in ing a reasonably good tim e- 
resoIuti(Hi.
T h e re fo re , the  o v e ra ll tim e -re s o lu tio n  o f  a TO F 
spectrom eter can be w ritte n  as the resultant o f
•  Space d is trib u tio n  ancl
•  T im e spread due to  energy d is trib u tio n  o f ions in  the 
i(Mi source.
2.2.1. Time spread  due to  space distribution :
The tim e  spread caused by  a lim ite d  space d is trib u tion  o f 
ions reach ing  the de tecto r co n tro ls  the e ffe c tiv e  tim e  
resolu tion o f  the TO F spectrom eter.
The space d is trib u tio n  considered to  be the deviation 
As o f  the in itia l position  o f  b ird i o f the ion in  a g iven charge 
state about its  average position  so, can assume a m axim um  
and m in im um  value such tha t,
W  “ S o + 5 ^ ^ .  a n d s „ i„
One may consider the space distribution to originate from 
two basic sources :
CD a finite beam width and
0 0  B siHiead o f d ie  gas target atoms about sq.
Time spread ATac <hie to space distribution can be reduced 
in two ways :
(a) by making A, as small as possUile.
00 by space fbcussing, «4iich gives each ion a velocity 
dependence on ‘s' in sudi a way as to minimize ATos.
2 .2 .2 . T im e  s p r e a d  d u e  to  in itia l v e lo c ity  distribution 
F o r  a  g o o d  o v e ra ll re so lu tio n  o f  a  T O F  spectrom eter, aim is 
to  re d u c e  th e  tim e  sp re a d  d u e  to  in itia l en e rg y  distribution 
o f  ions. T h is  tim e  sp read  is c a u se d  d u e  to  th e  difference in 
flig h t-tim es  b e tw e e n  a  p a ir  o f  id en tic a l io n s  form ed at the 
sam e  s  p o s itio n , w ith  th e  sam e  in itia l “ sp eed ” but with 
o p p o s ite ly  d ire c te d  v e lo c itie s .
T h e  tim e  sp re a d  c an  b e  re d u c e d  in  tw o  w ays by :
(a) in c rea s in g  th e  ra tio  o f  io n 's  to ta l en e rg y  (£ ) to its 
in itia l en e rg y  ( £ 0)  b y  v a iy in g  v o ltag e s  in different 
a c c e le ra tin g  re g io n s  i.e. E /E q »  1
(b) in tro d u c in g  a  tim e  lag  b e tw e e n  th e  crea tion  o f ions 
an d  th e ir  a cce le ra tio n s .
2 .3 . M a ss  r e so lu tio n  :
T h e  m ax im u m  re so lv a b le  m a ss  d e p e n d s  on  th e  initial space 
an d  e n e rg y  d is tr ib u tio n  fu n c tio n s . C o n s id e r  th e  relation,
1/m  =  1/ot,  +  1/ffi^ (2)
w h e re , m ,  an d  m g  a re  th e  m a x im u m  re so lv a b le  masses (nr 
w h ich  tim e  sp read  d u e  to  sp a c e  d is tr ib u tio n  o f  ions AT. 
eq u a ls  th e  tim e  sp read  b e tw e e n  a d ja c e n t m ass  peaks and 
tim e  sp re a d  d u e  to  k in e tic  en e rg y  d is tr ib u tio n  o f  ions d17„ 
eq u a ls  th e  tim e  b e tw e e n  a d ja c e n t m a ss  p eak s  respective!) 
‘m  ’ w ill ta k e  th e  sm a lle r  v a lu e s  th a n  e ith e r  m^ o r  mg. On 
th e  o th e r  h an d , it w ill b e  a t le a s t a s  la rg e  a s  th e  value m 
o b ta in ed  a b o v e  b y  a ssu m in g  th e  to ta l sp re a d  to  be the sum 
o f  th e  en e rg y  an d  th e  sp a c e  tim e  sp read s .
2.4 . T im e  s p r e a d  d u e  to  in itia l e n e rg y  d is tr ib u tio n  
Id en tic a l io n s  b o m  a t th e  sam e  p la c e  c an  h a v e  th e ir initial 
v e lo c itie s  d irec ted  e ith e r a w ay  fro m  th e  c o lle c to r  o r towards 
it. A n  ion-1 in ita lly  h a v in g  a  v e lo c ity  d ire c te d  a w a y  from the 
c o lle c to r  w ill b e  d e c e le ra te d  b y  th e  fie ld  £ ,  u n til it comes to 
re s t a n d  th e n  it s ta rts  its m o tio n  to w a rd s  th e  co llector ie. 
in  th e  d irec tio n  o f  th e  fie ld  E ,. T h u s , c o m p a r in g  th e  ion bom 
a t  th e  sam e  p la c e  b u t w ith  a  v e lo c ity  d ire c te d  tow ards the 
co lle c to r , th e  io n -1  lags b e h in d  th e  io n - 2  b y  th e  ‘tu rn  around 
t im e ’. T h u s , th e  tim e  sp re a d  {A T ^  d u e  to  in itia l energies is 
n o th in g  b u t th e  “ tu rn  a ro u n d  tim e ”  a n d  it is  g iv en  by,
ATg  =*= T u rn  a ro u n d  tim e  
=  2  d ece le ra tio n  tim e
s - ^ l i l m U o f ^ l q E s )
2 .5 . Time o f  flig h t arrangem ent fo r  studying the charge 
sta te distribution o f  ions in  presen t setup :
If the i<His are bom widi an initial energy Vo, then the total 
energy U o f the ions in the charge state ‘q' impinging n" 
the detector (see. Figure 1) is given by.
t/ = C/o +qsE,  +qdEg •^ ■qxEx + q y E y . (4)
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figurf 1. Principle diagram of TOF spectrometer.
The total tim e o f  f lig h t o f  th e  ion  from  its p o in t o f  b irth  to
taie detector is,
T - T ,  +  T o  +  T , +  Ty I
n = l(2 m y^ /g  £,] [(t/o + g s  -  Uo''^]
Tj -  [ { I m y ^ lg  E J\ [( t/o  + g  s  E , + g  d  
- i U o  + g  s  E ,) '^ ]
T„ = [(2 m )'^D ]/[2 (U o  + g  s  E , + g  d  E^V '^]
r ,  -- {(2 m )''^ /g  £ J [ ( t / o  + g s E , ^  g d  Ed 
+ g x  E , y ^  -  ( t/o  +  <7 E , + g d  E j) '
T, = [Clmy^g EyWiUo + g s  E , + g d Ed  
+ q X Ex + g y Eyy  ^- (Uq + g s E,
+ g  d  E d + g  X
ubstituting v a lu es o f  T^, Td, Tp, f ,  an d  Ty in eq u a tio n  (  ^
nd assuming th a t th e  ion  is b o rn  w ith  in itia l v e lo c ity  (Jo 
' the time o f  f lig h t is g iv e n  b y  th e  eq u a tio n ,
r -  [(2/n)'^/<7] [(a^'^/Es) + {{b''^ -  a'^)/E d}
+ {g D llb^i^ ') + {(C'^^ -  b ''^ ))IE ^}
+ {{<y^ ~ C^l^yEy)]
'here, a -   ^ s £ ,
b - - a  s  Es + g  d  Ed  
c -  q  s  Es g  d  Ed + g  X Ex 
"d d  = q  s  E, + q  d  Ed + q  X Ex + q  V Ey.
or optimum space reso lu tion, as discussed earlier, putting 
dTids) = 0, it  g ives the d r ift length,
D = 2{s Ex + d  Ed?'^ [{1 /(J  { ( l/£ .)  -  0 /£ rf)}
+ { 1%  E s + d  E d y ^ }  {{ l/E d ) -  ( l /E x )}
+ {l/(  ^Ex + dEd + x Exy^UiMEx) -  iMEy)}
+ { \ K s E ,  + d E d  + x E r  + v  (l/£v)l. (8)
P resen t d^Oa (p a ram ete rs) o f  o u r  T O F
F or, s  *  0 .9  cm , d  =  0.3 cm , x  = 0 .3 , y  =  0 .5  cm , £ ,  =  
190 V , E d * ~  215  V , £ ,  =  -  800  V  an d  £^  =  - 2 9 5 0  V .
S o , th ^  v a lu e  o f  D  fo u n d  o u t fro m  eq u a tio n  ( 8 ) is 
2.3 ± 0 .1  cjn .
i
3. D e s ig i^ o f T O F  s p e c t ro m e te r
A  sch em a |ic  d iag ram  o f  T O F  sp ec tro m e te r is show n  in 
F igure  2 . | t  has an  in terac tion  zo n e  be tw een  tw o  e lec tro d es 
and  w here  the  neu tra l gaseo u s a to m s e ffu se  from  a 
h y p o d e m ^ c  needle . is S S  g rid  (tran sp a ren cy  80% ) o f  
c ircu la r fo rm  o f  d iam ete r 1 0  m m  th ro u g h  w h ich  th e  e jec ted  
ions p ass  f tro u g h . P_. is S S  c ircu la r d isc  o f  d iam e te r 10 m m .
Figure 2. Schematic diagram of a time-of-flight spectrometer. P 
and P^  : extracting electrodes for clcctron.s and ions respectively 
D : drift tube; G SS grid; A . accelerating plate; T : teflon ring; S 
rod.
T he separa tion  betw een  P^  and  P^ is 18 m m . A  p o sitive  
v o ltage  on P+ and  an  equa l n eg a tiv e  v o ltag e  on  P -  h e lp  in 
p u llin g  o u t e lec tro n s an d  ions re sp ec tiv e ly  from  th e ir  b irth  
p lace s in the  o p p o site  d irec tio n . A  3 m m  h o le  in /^ .e le c tro d e  
p ro v id e s  a  p a ssa g e  fo r th e  io n s to  co m e  o u t fro m  the  
in te ra c t io n  z o n e . O n c e  o u t o f  th e  h o le ,  th e  io n s  a re  
acce le ra ted  ov er a d is tan ce  d  (3 m m ) b e fo re  th ey  e n te r  an  
a lu m in iu m  d rift tu b e  V ' o f  leng th  2 2  m m  a n d  d ia m e te r 10  
m m . A fte r co m in g  ou t from  th e  d rift tube , ions are  a cce le ra ted  
o v e r a d is tan ce  *x' (3 m m ) and  pass th ro u g h  a  3 m m  h o le  
o f  the  last a cce le ra tin g  p la te  *A \  A cce le ra tin g  p la te  A  is S S  
d isc  o f  10 m m  d iam ete r; it is k ep t a t ab o u t - 8 0 0  V  w h ich  
p ro v id es en o u g h  en e rg y  fo r ions to  im p inge  th e  c o n e  o f  th e  
ch anne l e lec tro n  m u ltip lie r  (C E M ). T h e  tw o  e n d s  o f  th e  d rift
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tu b e  an d  h o le  o f  th e  p la te  A  a re  co v e red  w ith  S S  g rid  o f  8 0 %  
tran sm iss io n . T h e  a ssem b ly  o f  p la te s , g rid s  and  d rift tu b e  is 
f ix e d  on  a  se r ie s  o f  te f lo n  rin g s  o f  a d iam e te r 25  m m . T e flo n  
r in g s  a re  a lig n e d  w ith  th e  h e lp  o f  th re e  S S  ro d s o f  3 m m  
d iam e te r . T h e  ro d s  a re  f ix ed  in th e  rin g s  a t 120° from  each  
o th e r  .
4 . E x p e r im e n ta l  te s t s  a n d  o p t im iz a t io n  o f  th e  T O P  
s p e c tro m e te r
T e s t  m e a s u re m e n ts  w e re  c a r r ie d  o u t to  d e te rm in e  th e  
c h a rg e  s ta te  fra c tio n s  o f  the  ta rg e t ions. T h e  p ro p e rtie s  o f  
th e  T O P  sp e c tro m e te r  an d  th e  fu n c tio n in g  o f  its v a rio u s  
c o m p o n e n ts  a re  c h eck ed  and  d iscu ssed  in th e  fo llo w in g  
su b s e c tio n s  ;
4 .1. C o m p le te  e x tra c tio n  o f  ions f r o m  a  d e fin e d  co llis io n  
re g io n  :
T h e  c o llis io n  reg io n  w h ich  can  be looked  a t is th e  v o lu m e  
in fron t o f  th e  ex trac tio n  h o le  in n e g a tiv e  e lec tro d e  P_ o f  th e  
c o n d e n se r . T h e  ex trac tio n  o f  reco il ions in  a  s in g ly  ch a rg ed  
s ta te  w as in v es tig a ted  by  m o n ito r in g  th e  n o rm a lized  n u m b e r 
o f  th e se  io n s  to  th e  to ta l c h a rg e  o f  in c id e n t e le c tro n s  
c o lle c te d  at a  b ia se d  F a ra d a y  c u p  a s  a fu n c tio n  o f  th e  
ex tra c tio n  v o ltage . A t low  e lec tric  fie ld  s tren g th s , th e  ion 
c o u n t ra te  in c reases  w ith  th e  v o ltag e ; ho w ev er, fo r  fie ld s 
g re a te r  th an  a b o u t 160 V /cm , th e  reco il ion  c o u n t ra te  is 
fo u n d  to  b e c o m e  c o n s ta n t (see . F ig u re  3 ) in d ica tin g  “ a 
co n d itio n  fo r co m p le te  ions e x tra c tio n ” . T h is  co n d itio n  w as  
ac h ie v e d  w h en  th e  p o s t acce le ra tio n  v o ltag e  w as k ep t at 
-  8 0 0  V w h ile  th e  C E M  m o u th -v o lta g e  w as  m a in ta in ed  a t 
-2 9 5 0  V.
ca lc u la tin g  th e  d rif t tu b e  len g th  u s in g  eq u a tio n  (g) 
o p tim ized  ex p e rim en ta l p a ram e te rs . T h e  calculated value 
D  is fo u n d  to  b e  2 .3 0  ±  0 .1 0  cm . '
4.3. E q u a l d e te c tio n  p ro b a b i li ty  f o r  a l l  reco il ions
E a rlie r  w o rk e rs  [3 ] h a v e  sh o w n  th a t  a b o v e  the cenai 
d e tec tio n  v o ltag e  a p p lie d  to  C E M , th e  de tec tion  probabilit 
is in d ep en d e n t o f  th e  ion  en e rg y  an d  th e  p o in t o f  impact ( 
th e  ch an n e ltro n . T h is  w as  en su red  by  stu d y in g  the variatio 
o f  b ia s  v o ltag e  ap p lie d  o n  th e  m o u th  o f  channeltron  detectc 
as a  fu n c tio n  o f  A r^ co u n ts  (see , F ig u re  4 ). It is observe 
th a t as th e  C E M  b ia s  v o lta g e  is in c reased , the  ion couni 
a lso  in crease  stead ily , h o w ev e r, a t b ia s  vo ltag es larger tha 
-  2 .8  kV , th e  io n  c o u n t ra te s  te n d  to  b e c o m e  constant. Thu: 
th is te s t en su re s  th e  co n d itio n  fo r  eq u a l d e tec tion  probabilit 
fo r all reco il ions.
CHANNELTftON VOLTAGE (KV)
Figure 4. Variation of bias voltage of channeltron detector lor 10 
spectrometer as a function of Ar  ^ counts for ensuring detection ot 
ions having various charge states with equal efficiency.
4,4, S in g le  c o llis io n  c o n d itio n  :
T h e  sin g le  c o llis io n  co n d itio n  is an  e sse n tia l and  importai 
s tep  to  e s tab lish  w h ile  m easu rin g  th e  c ro ss  sections 
p a rtic u la r co llis io n  reac tio n . T h is  req u ire m e n t is satistie
Figure 3. Variation o f Ar  ^ ion counts as a function of ion-extraction 
voltage at a post acceleration voltage o f -800  V. The CEM mouth 
voltage is kept at -2 .9  kV.
4,2, E q u a l tra n sm iss io n  f o r  a ll  r e c o il io n s :
T h e  d r if t  tu b e  len g th  D  w a s  c h o se n  to  b e  2 .2  cm  in o u r  T O F  
sp e c tro m e te r  w h ic h  p ro v e s  to  b e  g iv in g  th e  b e s t j t im in g  
re so lu tio n  in  th e  te s t ru n s . T h is  h a s  b een  c o n firm e d  a lso  b y
Figure 5. Variation o f argon gas pressure as a function of Ar 
counts for ensuring a * s^ingle collision condition**.
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doing m easu rem e n ts  a t d if fe re n t ta rg e t g a s  p ressu res .
wide ran g e  o f  p re s su re s , th e  c o u n t ra te  o f  an  ion  say , 
IS found to  b e  p ro p o r tio n a l to  th e  p re ssu re . F u rth e r, th e  
niuiiiple collision  e v e n ts  a re  c le a r ly  seen  to  s e t in a t p ressu res  
*yond 5 x 1 0 ^  T o rr. T h e  o p e ra tin g  p re ssu re  fo r  a  s in g le  
illision cond ition  in  th e  p re se n t e x p e rim e n ts  is th u s  tak en  
,be 2.4 X 10"^ T o rr  (s e e . F ig u re  5).
Test sp ec tra  e m p lo y in g  th e  T O F  sp e c tro m e te r  :
*c have m easu red  th e  tim e -o f-f lig h t sp e c tra  o f  m u ltip ly  
fcnarged argon io n s  p ro d u c e d  in 16 .0  k eV  e  -A r co llis io n s  
jsing our T O F  sp e c tro m e te r  in c o in c id e n c e  w ith  e jec ted  
electrons o f  a ll e n e rg ie s  a t 9 0 °  to  th e  in c id en t e le c tro n  beam  
jircction. A r"^ ions w ith  c h a rg e  s ta te s  n  u p  to  5+  are  c lea rly  
len in the sp e c tru m  (se e . F ig u re  6 ). A  few  ion p e a k s  
riginaiing from  re s id u a l g a se s , fo r  in s tan ce , H jO ' an d  Nj"'
' also iden tified  in  a d d it io n  to  th e  a rg o n  ion  p eak s. I'he 
multiply ch arg ed  a rg o n  ion  p eak s  a re  w e ll se p a ra te d  in  tim e.
-fNeht(Fta) --- -
o f  the  an a ly z e r [see. R ef. 3]. T he  pa rtic le s , w h ich  p ass  
th ro u g h  ex it slit and  reach  the d e te c to r w ill be  se lec ted  
acco rd in g  | o  th e ir  in itia l k in e tic  en e rg ies . T h ere  is a  lin ear 
r e la t io n s h ^  in th e  v o ltag e  ap p lied  b e tw een  th e  p la te s  and  
en e rg y  o f  f r e  partic le s , w h ich  are  ab le  to  pass  th ro u g h  bo th  
slits  is g i t^ n  as,
V ^  0 , 6 x  E  (9)
w h ere  V |s  th e  d e fle c tin g  vo ltag e  ap p lied  an d  E  is th e  
en e rg y  off th e  ch a rg ed  p a rtic le s  and  0 .6  is a  g eo m etrica l 
co n s tan t th e  p resen t an a ly zer.
5.1, D e s ^ n  o f  th e  P P E A  :
A  sch em atic  d iag ram  o f  a  4 5 °  PPE A  is sh o w n  in F ig u re  7. 
T he  p la tes  are  m ad e  from  sta in less  stecj and  h av e  d im en sio n s  
100 m m  X 40  m m  x 30 m m . T h e  en tran ce  and  ex it slits  each  
arc  1 m m  w ide  and  10  m m  in h e igh t; th ey  a re  sep a ra ted
Atignmvnt hoi*
•KMre 6. A typical time-of-flight spectrum o f ions (n* = 1-5) 
l>iaincd by making coincidences between ions with ejected electrons at 
’ with respect to the incident electron beam direction in 16.0 keV 
v\r collisions.
Ills perfo rm ance o f  th e  T O F  s p e c tro m e te r  is fo u n d  to  b e  
atisfactory. U n d o u b te d ly ,  it d e liv e r s  u s  c o n f id e n c e  to  
"ploy it su ita b ility  fo r  m e a s u r in g  d if fe re n t ch a rg e  s ta te s  o r  
lass n u m b ers  o f  io n s  u n d e r  in v e s tig a tio n  a s  th e  c a se  
lay be.
■ 45°>Parallel plate electrostatic analyzer
''■'wi/j/e .•
lactrostatic a n a ly z e r  w o rk s  o n  th e  p r in c ip le  th a t  th e  p a th  o f  
charged p a rtic le  in  an  e le c tr ic  f ie ld  is  d e p e n d e n t on  th e  
aticle’s en e rg y . T h e  s im p le s t a n a ly z e r  to  c o n s tru c t co n sis ts  
f two para lle l p la te s , h e ld  a t  d if fe re n t p o ten tia ls , th e reb y  
feating a  u n ifo rm  e le c tr ic  fie ld  b e tw een  tw o  p la tes. T h e  
^ g e d  p a rtic le s  th a t  e n te r  th is  f ie ld  a t 4 5 °  a t th e  en tran ce  
4, follow a  p a ra b o lic  p a th  a n d  a re  re fo c u se d  a t th e  e x it s lit
Figure 7. Schematic diagram of a 45'^-parallcl plate clcclrostaiic 
analyzer. /\ and I2 intermediate plates. R resistance chain; T : teflon 
spacers; B ■ back plate; F • grounded plate.
b y  a  d is tan ce  o f  70  m m . T h e  d is tan ce  b e tw een  fro n t an d  
b ack  p la te  is 21 m m . T he s lit w id th s  a re  ch o sen  so  as to  
g iv e  en e rg y  re so lu tio n  ( A £ /£ )  o f  a b o u t 2 % . T w o  p la te s  
w ith  an  equa l sp ac in g  in b e tw een  fro n t and  back  p la te  h av e  
been  u sed  to  a v o id  re f le c tio n s  o f  th e  low  en e rg y  e lec tro n s . 
T h e  tw o  e n d  p la te s  a lo n g  w ith  in te rm e d ia te  p la te s  a re  
e le c tr ic a lly  in su la ted  from  each  o th e r  b y  te f lo n  tu b u la r  
su p p o r t.
F o r  th e  e n e rg y  a n a ly s is  o f  e le c tro n s , th e  n e g a tiv e  
v o ltag e  is g iv e n  to  th e .b a c k  p la te  w h ile  th e  fro n t p la te  is 
g ro u n d e d ; each  o f  th e  in te rm e d ia te  p la te s  b e tw e e n  th e  
fro n t an d  back  p la te s  o f  th e  an a ly z e r a re  c o n n e c te d  b y  a  
re s is tan ce  ch a in  (1 M f i)  so  a s  to  p ro v id e  a  lin e a r  v o ltag e  
g ra d ie n t an d  th u s  c rea te  an  u n ifo rm  e lec tric  fie ld . A  co n ica l 
sh ap ed  a tta ch m en t o f  a lu m in iu m  is m o u n te d  a t th e  en tran ce  
s lit fo r a  b e tte r  co llim a tio n  o f  th e  in c o m in g  p a rtic le s  w h ile  
a t th e  e x it s lit, a  ch an n e ltro n  d e te c to r  is m o u n te d . T h e  
sp e c tro m e te r 's  c o n s ta n t an d  its  re s o lu tio n  (A E IE )  h a v e  
b een  d e te rm in e d  an d  fo u n d  to  be  re sp e c tiv e ly  0 .5 7  an d  0 .0 2  
(see . F ig u res 8 (a )  an d  8 (b )).
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Figure 8 (b). Width o f response o f the PPEA to electrons having a 
single energy Vo as a (unction of Vo with entrance and exit slit widths 
each equal to I mm.
5.2. Test runs with PPEA :
A typical electron energy spectral distribution at 90° to the 
e -beam direction has been recorded using our PPEA 
spectrometer for 8.0 keV e -Ar collisions in the ejected 
electron energy range of 0-500 eV (see. Figure 9) one may 
see that the spectrum consists of two parts, (i) Continuum 
electron distribution and (ii) A characteristic Auger peak of 
Ar-L shell at about 200 eV sitting over the continuum 
background.
6. Conclusions
A TOP spectrometer and a PPEA have been designed and 
fabricated indigenously. The optimization for their
Figure 8 (a). Deflection voltage 1)) applied to one o f the plates of 
PPEA versus energy of incident electrons fo.
Figure 9. The energy distribution o f ejected electrons at 90® lo y 
electron beam direction in 8.0 keV e -Ar collisions.
performance with regard to extraction, transmission 
detection efficiencies for recoil ions in different charge stdK 
with respect to the ejected electrons. The performance ( 
the present TOF spectrometer and PPEA have been teste 
by recording the charge state distributions of argon multipl 
charged ions produced in collisions of 16.0 keV electror 
with argon gases in a single collision condition. Thc^ cliare 
states up to 5+ in argon has been observed. Tlie typu; 
values of time resolution and that of mass resolution ai 
found to be 8.ns. Thus, the overall performance of the* 
spectrometers are found to be satisfactory. Thes 
spectrometers are to be used in studies related to the collisio 
dynamics of recoil ions produced in keV electron-aion 
molecule collisions.
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